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Introduction
This Supporting Information to the main article consists of two sets of supplementary text (S1-2), nine supplementary figures (S1-S11) and three supplementary tables (S1-S3).
Text S1.
To constrain the surface abundance of Cl-VSLS in our model, each compound (CH2Cl2, CHCl3, C2Cl4, C2H4Cl2 and C2HCl3) is prescribed a latitude-dependent mixing ratio boundary condition ( Figure S1 ). Five latitude bands are considered for all species. Apart from C2H4Cl2 and C2HCl3, the surface boundary condition varied annually. In our BASE simulation, the CH2Cl2 and C2Cl4 surface boundary conditions are based on data from the NOAA global monitoring network [e.g. Montzka et al., 2018] . Indicated below are the NOAA sites from which data were obtained, for each of the latitude bands. A summary of the NOAA sites and site codes can be found at: https://www.esrl.noaa.gov/gmd/dv/site/ In our BASE simulation, the CHCl3 surface boundary condition is based on data from the AGAGE network [e.g. Prinn et al., 2000] . Indicated below are the AGAGE sites that were used.
• 
Text S2.
To assess the fidelity of COCl2 production in the model, Figure S6 compares tropical mean profiles of total COCl2 to measurements from the ACE satellite mission (available in 2014 and 2015, Section 3.2). Total COCl2 includes production in the model from (a) Cl-VSLS, (b) carbon tetrachloride (CCl4) and (c) methyl chloroform. The latter two compounds are well established COCl2 sources [e.g., Kindler et al., 1995] and dominate its production above 20 km. This is evident from the dashed black profile in Figure S6 which shows tagged COCl2 from these long-lived precursors only. Considering all COCl2 sources, the BASE model captures the general features of the observed COCl2 profiles, including the rapid COCl2 increase in the lower stratosphere and a maximum at ~24 km ( Figure S6 ). However, it is also apparent that COCl2 is underestimated by the model at around 18 km and below (in the upper part of the tropical tropopause layer), where modelled COCl2 falls outside of the measurement error bars. Such an underestimation has been reported in our previous modelling work [Hossaini et al., 2015b ] that examined ACE COCl2 in earlier years, and remains unexplained. Even when no tropospheric COCl2 removal is assumed (EXP3), COCl2 is underestimated in this region by a factor of ~3 (a marginal improvement over the BASE model). However, a substantial reduction in this bias is achieved by EXP8, from which modelled/measured COCl2 agree to within a factor of 2 or less between 15-18 km; within the ranges of uncertainty. Recall, EXP8 assumes a fixed yield of COCl2 from CH2Cl2 degradation of unity, as opposed to calculating the yield interactively based on Equation 1. We are not suggesting that EXP8 is more realistic in its treatment of COCl2 production from CH2Cl2, but this comparison indicates that the mechanism and yield of COCl2 production requires further examination. In any case, improved agreement from EXP8 in the lower stratosphere appears to come at the expense of the agreement at higher altitudes in 2015 ( Figure S6 ). It should also be noted that none of the model simulations fully captures the observed vertical gradient in COCl2 below the ~24 km peak.
In an assessment of product gases from Cl-VSLS, Ko and Poulet et al. [2003] did not consider COCl2 as a major product of CH2Cl2 degradation. In our BASE model, COCl2 from CH2Cl2 provides a stratospheric chlorine PGI (~2 ppt Cl) similar to that from CHCl3 ( Table  4 ). Recall that production of COCl2 from CH2Cl2 is calculated in a semi-explicit fashion using Equation 1. Figure S6c shows the modelled COCl2 yield expressed as an annual mean at the surface. We find the lowest values generally occur over industrialized regions (typically <0.2), where elevated NOx levels act to suppress COCl2 production. This occurs because NOx competes with HO2 in the model for reaction with the CHCl2O2 peroxy radical (see discussion in Section 2.3). Over large areas of the ocean the yield is ~0.5, with a mean of ~0.3 over the entire tropics (±20° latitude); i.e. a substantially lower value than the fixed yield of 1 assumed in EXP7 and EXP8. These results suggest that CH2Cl2 may be a significant COCl2 source, in addition to COCl2 produced from CHCl3 and C2Cl4, particularly in low NOx regions. Figure S1 . Latitude-dependent surface mixing ratio boundary condition (ppt) for CH2Cl2, CHCl3, C2Cl4 and C2H4Cl2 (ppt). For CH2Cl2 and C2Cl4, estimates are based on NOAA data (lines) and, in 2016 only, AGAGE (filled stars). CHCl3 data based on AGAGE network (lines). C2H4Cl2 data is non time-dependent and is estimated (see Text S1). 
